Angiostrongylus costaricensis is a parasitic nematode of rodents, with a widespread occurrence in the Americas: from the southern United States to northern Argentina (Ubelaker & Hall 1979 , Demo & Pessat 1986 . The intermediate hosts are molluscs, especially slugs from the Veronicellidae family (Morera 1973) . The human infection is established through the ingestion of third-stage larvae (L3) when water or food is contaminated with the mucous secretions eliminated by the intermediate host or when a small mollusc is accidentally ingested. Acute abdominal disease may develop with severe inflammatory and thrombotic lesions in the intestines (Céspedes et al. 1967) .
Inflammation in the intestinal wall probably prevents the elimination of larvae in faeces and the diagnosis relies upon histopathological examination of surgical specimens obtained in the most severe cases when surgical treatment for the cor-
MATERIALS AND METHODS
Serum samples of patients with histopathological diagnosis (positive controls = +C) have been collected for the last 15 years in the southernmost states of Brazil. For the initial testing of classand subclass-specific serological reactivity, nine +C sera from the time of surgery (time "zero") and from 6 to 15 months after surgery were evaluated. A panel of 45 serum samples from patients with positive fecal examination for at least one of the following parasites was included as specificity controls (SC): Ascaris lumbricoides, hookworm, Entamoeba coli, Giardia duodenalis, Schistosoma mansoni, Strongyloides stercoralis, and Trichuris trichiura. These patients were living in urban areas of Rio de Janeiro, São Paulo and Recife, outside the known endemic area for abdominal angiostrongyliasis. Samples from patients infected with Wuchereria bancrofti were kindly provided by Dr Gerusa Dreyer (Fiocruz, Recife, Brazil) . Sera (n=20) from healthy students (without fever, abdominal pain or any other evidence of systemic diseases) at the Pontifícia Universidade Católica do Rio Grande do Sul were also included in the testing as "normal negative sera".
Antigen preparation -The recovery of worms (Santa Rosa strain) from experimentally infected rodents is described elsewhere (Graeff-Teixeira et al. 1997) . About 70 female worms were homogenized 4x30 sec at 4°C in a Tekmar tissue homogenizer in a total volume of 3 ml of Tris-HCl-buffer containing the following protease inhibitors: 1 mM PMSF (phenylmethylsulphonylflouride, SIGMA), 1 mM TLCK (Na-p-tosyl-L-lysine-cloromethyl ketone, SIGMA) and 1 mM EDTA (ethylenediamine-tetra-acetic acide, SIGMA). The suspension was centrifuged twice at 12,000 xg for 20 min at 4°C and the resulting soluble supernatant was stored at -20°C until further use. The protein concentration was determined by the comparison of UV absorbances at 280 and 260 nm (Harlow & Lane 1988) .
Polystyrene plates were coated with 100 µl of a 7 µg/ml antigen solution in a 0.06 M carbonatebicarbonate buffer, pH 9.6 and blocked in a PBS 0.05% Tween-20 solution with 5% skimmed milk for 3 h at room temperature (RT). Test sera diluted 1:500 in PBS were incubated for 2 h at RT. Anti-IgG or IgE peroxidase-conjugated antibodies (1:1000, SIGMA), or IgG1 (1:2000, SIGMA) or IgG4 (1:1000, SIGMA) were used as secondary antibodies and incubated for 2 h at RT. For the anti-subclasses biotinylated antibodies, an intermediate incubation step with avidine-peroxidase (1:1000, SIGMA) for 90 min at RT (1:2000 in blocking buffer) was performed. For development, 0.04% OPD (o-phenylenediamine, SIGMA) in 0.012% H2O2/citrate-phosphate buffer, pH 5 was added and the optical density (OD) was measured at 492 nm in an automated reader (Behring, EL311 Microplate Reader).
RESULTS
Confirming previous results with ELISA and immunoblotting, IgG1 was shown to be the dominant IgG response and the values for parasite-specific IgG4 and IgE antibodies were low or not detectable, even with acute phase sera highly reactive for total IgG (data not shown). Some of the +C presented a very low reactivity, demonstrating the diversity usually found in natural infections (Fig. 1) .
The OD cutoff value of 0.165 resulted from the sum of mean OD (0.06) plus two standard deviation (SD=0.05) of six SC sera tested at 1:500 dilution, in a preliminar experiment. An extended analysis of 45 SC sera confirmed the adequacy of that OD cutoff value, with a mean OD of 0.05 (SD = 0.06).
Specificity of the IgG-ELISA was estimated to be 91.1% (41 out of 45 SC were negative), while sensitivity was 76.2% (16 out of 20 +C were reactive) (Fig. 1) .
The maximum positive titer for specific IgG antibodies in sera from selected A. costaricensis patients ranged between a 1:500 and a 1:8000 dilution, whereas the specificity control sera reached maximum titers of 1:250 (Table I) . Furthermore, as shown in Table II and Fig. 2 , A. costaricensis patients showed a prominent decrease in specific IgG antibodies after surgical intervention, i.e. postacute-phase. 
DISCUSSION
There is a possibility that first-stage larvae from A. costaricensis is eliminated in human faeces, but trials to detect them have been unsucessful. Therefore, the diagnosis of A. costaricensis infection depends on anatomopathological examination of surgical specimens. An ELISA for seroepidemiology was previously standardized but its value for discriminating the acute phase of the disease was unknown (Graeff-Teixeira et al. 1997 ). A panel of positive control sera collected at different time points after surgery made the present evaluation of an ELISA system for diagnosis of the acute phase of infection possible. Acute phase may be defined in abdominal angiostrongyliasis as the period when worms are alive, reproduce, and larval stages are shed into the intestinal layers for some time up to the complete removal of their bodies. From an ongoing longitudinal study in southern Brazil, there are indications that disease manifests by acute abdominal pain episodes of short duration (2-3 days), sometimes recurrent in several episodes over 6-8 months. Perforation of the intestinal wall and severe inflammatory reactions may eventually lead to surgical intervention, but probably a complete and spontaneous remission is the norm.
As already known for other helminth infections, e.g. schistosomiasis or filarial infections (Garate et al.1990 , Hamilton et al.1998 , Harnett et al.1998 , crude antigenic preparations are generally problematic for immunodiagnosis because of their broad cross-reactivity with other helminth species (Parkhouse & Harrison 1989 , Lynch et al. 1998 . Because purified specific antigenic components from A. costaricensis are not available, a crude female worm antigen preparation has been employed for antibody detection in the present evaluation. Several attempts have failed (results not shown) to identify acute phase-specific reactivity to defined antigenic components, including subclasses and isotypic analysis: IgE, IgG1, IgG2, IgG3, IgG4 and IgM. IgG3, IgG4, and IgE were The definition of the cutoff value in immunodiagnosis of abdominal angiostrongyliasis must take into consideration the possibility that asymptomatic infections occur in the endemic area, preventing the identification of "normal endemic controls". With the development of a nucleic acid detection method (unpublished observations) it will be possible to define the "normal endemic controls" as healthy individuals negative to abdominal angiostrongyliasis by polymerase chain reaction. Ideally, cross-reactivity is reduced by selecting purified antigens specific to the parasite, studying humoral responses at the isotype level, or removing cross-reacting antibodies by absorption of sera with heterologous antigens. The ideal of a 100% sensitive and specific immunodiagnostic test is hard to achieve, since trials to improve specificity usually lead to lower sensitivity, and vice-versa. For prevalence studies, usually in asymptomatic or chronically infected populations and when the immunological test stands alone to establish the diagnosis, sensitivity is critical. Error occurs in a population based approach. For clinical diagnosis, sensitivity is not as critical as specificity, since several criteria are considered simultaneously and data from serological tests usually are not to be used alone. Specificity is critical in this situation, because a positive result may lead to intervention procedures and error occurrs on individual basis. For this reason, in the present analysis, the cutoff value was established from the reactivity found in individuals with heterologous infections, living in an area supposedly free from transmission of A. costaricensis.
Previous unpublished data from western-blot analysis had indicated that humoral response decreased sharply in the first month after the acute episode leading to surgery and histopathological diagnosis of abdominal angiostrongyliasis. This has been confirmed by the present semi-quantitative analysis of serum antibodies, either expressed by the optical density (Fig. 2) or by their titer at dilution assays (Tables I, II) . As humans are accidental hosts for A. costaricensis, they react with a strong inflammatory reaction in the intestinal and mesenteric tissues (Graeff-Teixeira et al. 1991) . The sharp declining in the humoral immune response may indicate that the parasite does not survive for a long time and antigenic stimulation rapidly terminates. Therefore, this infection does not persist into a chronic phase and seroepidemiological studies looking for past infections would face huge difficulties to detect specific long-term humoral reactivity.
Apart from the poor performance of the ELISA system using crude antigen, it is clearly demonstrated that semi-quantitative antibody detection methods can diagnose the acute phase of infection in abdominal angiostrongyliasis.
